Abstract: Wind energy conversion maximum power extracting along with power quality issues both play a crucial role in the power systems. This paper demonstrates the feasibility of using a new controlling method for simultaneously performing the maximum power point tracking and decreasing grid current total harmonic distortion (THD) as an extra function in wind energy conversion using permanent magnet synchronous generator (PMSG). While enhancing the grid power quality using proposed method, an improved maximum power point tracking (MPPT) algorithm based on optimum torque controlling is employed. Resorting this improved algorithm increases MPPT efficiency to be higher than 97% in all operation modes. In this study, a PMSG wind energy conversion with nominal power of 20 KW at wind speed of 9 m/s is considered for simulation. This system is connected to the local nonlinear load and the grid. Simulation results including MPPT dynamic and steady state behaviors in three different wind speeds and THD analyzing in presence and absence of harmonic elimination extra function show impressive benefits of the proposed method.
Introduction
It goes without saying that renewable energy exploitations have become one of the most pressing concerns facing all electrical engineers. The conventional fossil fuels depletion and environmental pollution go hand-in-hand for making a growth in renewable energy usage. These main reasons make researchers be fully aware to supply electrical power requirements from renewable energy resources including wind energy and photo-voltaic (PV) systems [1] , [2] . Furthermore, renewable energy sources have some enormous advantages including high capability of using wide range power exploitation, low price of produced power and no need of water or other fluids [3] .
In the previously mentioned renewable energy sources, considerable attention has been paid to the wind energy conversion systems (WECSs). WECSs have been utilized in many areas especially in addressing the electrical power demands of impassable regions. Accordingly, various technologies in all related fields have been improved for them. Permanent-magnet synchronous generator (PMSG) generation system shows a major trend in development of wind power applications due to its considerable advantages. Using this Permanentmagnet synchronous generator eliminate the need for the multi-level gear box, reduce the maintenance cost and increase the system total energy [1] - [6] .
The connection of a wind turbine to the grid is a delicate issue. In fact, the power production of largepower wind turbines could create some difficulties to the transmission line designed for constant power and to the power system stability. This important issue justifies the concerns related to increasing penetration of wind energy within the power system [5] . However, with adopting some technical arrangements such as controlling the injected power to the grid, these problems could be easily removed. Accordingly, controlling the injected power in the grid-connected wind energy conversion systems (GCWECSs) has a paramount of importance due to grid demand necessities. In addition, harvesting maximum power from wind and feeding the grid with highquality electricity are two main aspects for GCWECSs. Although there are some direct ac-ac converters used in GCWECSs, based on these two key factors the ac-dc-ac converters are more suitable choice [2] - [8] . Fig. 1 shows a conventional configuration of ac-dc-ac topology for PMSG. This configuration includes diode rectifier, boost dc-dc converter and three-phase inverter. The generator voltage is rectified with a diodebridge. Then a fully controlled inverter is adopted to connect the system to the grid. Hence a full-scale back-to-back power converter is needed. In recent researches, the use of a synchronous generator with full-power backto-back converters is studied and appears to be the most successful configuration. In this topology, boost converter is controlled for maximum power point tracking (MPPT) and inverter is controlled to deliver highquality power to the grid [5] - [13] .
In recent years a great effort has been devoted to the study of maximum power point tracking (MPPT) algorithm in GCWECSs. To the author knowledge, the most popular MPPT algorithms which are recently considered are including tip speed ratio (TSR) control, power signal feedback (PSF) control, perturb and observe (P&O) control and optimum torque control [14] - [17] . With regard to the fact that TSR is constant in all wind speed, in TSR algorithm, TSR should be maintained in its optimum value. Therefore with using the error signal of optimum TSR and real TSR, control signals can be chosen in such a way to decline the error signals. In PSF method, at first optimum power with respect to rotational speed should be evaluated as a look-up table. Then by comparing the optimum power with real power, harvesting maximum power can be readily achieved. In P&O procedure, MPPT can be obtained using an iterative technique. In this technique the previous-step power is compared with now-step power and the operating point is evaluated. Based on this operating point, the control signal would be selected. This algorithm would be performing till the operating point reaches maximum power point. Optimum torque control is based on PMSG torque. The error signal of PMSG optimum and real torques can be used as a controlling signal to extract maximum power. Due to its robustness and low oscillation in comparison with aforementioned algorithms, the authors prefer to employ this technique and apply it to the interface DC-DC boost converter [14] - [17] . In recent years, with the increase of nonlinear loads such as variable-frequency drives and high current rectifier drawing non-sinusoidal currents, power quality distortion has become a serious problem in electrical power systems. Harmonics presence leads to some major problems including disturbance to electric and electronic devices, higher losses, extra neutral current, improper working of metering devices, de-Rating of distribution equipment and resonance problem. These loads are typically composed of odd harmonic currents, which are multiples of the fundamental frequency. The harmonic currents cannot contribute to active power and need to be eliminated to improve power quality [18] . Although active power filters (APFs) are designed for this purpose, in GCWECSs the grid-side inverter playing the role of injecting power to the grid can be employed to eliminate harmonics as an extra function. Using this added function, there would be a significant reduction in investment cost. The over inverter capacity in the low speed wind would be used for current harmonics elimination. This paper presents a method to use the grid-side inverter in order to both control power injection and eliminate high-order harmonics.
The remainder of the paper is organized as follows. In the following section control system and its modeling will be discussed. Section III is devoted to discuss system layout and its features. The simulation and its results are entirely discussed in section IV. Finally a conclusion of this work will be drawn.
II. Control system
The overall structure of the grid-connected wind energy conversion system is shown in Fig. 2 . On the whole there are two main control parts: 1-Maximum power point tracking.
2-Control of power delivered to the grid. As a matter of maximum power extracting, optimum torque control is employed owing to its robustness and low oscillation in comparison with aforementioned algorithms. This technique would be applied to the DC-DC boost interface converter. For controlling injected power to the grid, the conventional vector control will be resorted. Here these two parts would be independently discussed as following.
A. Maximum Power Point Tracking
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The block diagram of optimum torque control is illustrated in Fig. 3 . This controller extracts the maximum power through comparing the PMSG optimum and real torque. The mechanical power delivering through wind is calculated by:
Where ρ is the air density, R is the radius of turbine blades, V w is the wind velocity, and C p is the power coefficient defined as the ratio of turbine power to wind power and depends on the aerodynamic characteristics of blades. It can be proved that the maximum value of C p is limited to 0.56. For writing the equation (1) in terms of the rotor speed, we use following equation. (2) Where λ is tip speed ratio. Therefore
Regarding above equation optimum power will be gathered provided that the power coefficient and the tip speed ratio are optimum. Accordingly (4) Now optimum torque is compared with real torque and its error signal is used for the interface DC-DC boost converter to harvest maximum power. This technique is straightforward and has a relatively high MPPT efficiency. 
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B. Control of Power Delivered to the Grid
Grid-tied generator is an electrical energy source including all needed interface units and operating in parallel with the distribution network [10] - [13] . Although some energy sources can be connected directly to the distribution network, but in the case of DC power sources or variable speed wind turbine (VSWT) systems it is necessary to use a power converter that interfaces the source and the grid. Due to the simplicity of vector controlling, here d-q axis theory is employed for power controlling.
The power equations in the synchronous reference frame are given by [19] 
Where P and Q are active and reactive power respectively, "v" is grid voltage and "i" is the current injected to the grid. The subscripts "d" and "q" stand for direct and quadrature components respectively. "v q " will be equal to zero providing that the reference frame is oriented along the grid voltage. Accordingly, active and reactive power may be expressed as (6) According to the above equations, active and reactive power control can be achieved by independently controlling direct and quadrature current components respectively.
These parameters can be controlled as the following paths. With the specified reactive power, the qaxis current reference is set. To acquire unit power factor, the q-axis current reference should be set to 0. However, in the extra function state this current should be set such a way that eliminates the higher order harmonics (with opposite sign of current harmonics drawn by local nonlinear load). For injecting maximum power to the grid, an outer capacitor voltage control loop (adjusting dc-link at its desired value) is used to set the d-axis current reference for active power control. This guarantees that all the power coming from the rectifier is transferred to the grid.
III. System Specifications
Although tracking the maximum power is absolutely important, in this study the prominent factor is to enhance the THD resulted from local non-linear load. The overall schematic of simulated GCWECS is illustrated in Fig. 4(a) . According to this figure, power injecting control is performed in the d-q reference frame. A non-linear load is connected to grid near the wind turbine location leading to draw nonlinear current. At first this non-linear load current is transferred to d-q reference frame and because the angular position is acquired from grid voltage through a PLL, the d-axis current would be the representative of active power while q-axis one represents reactive power. Accordingly it is clear that by adjusting q-axis current, the reactive power drawn with three-phase rectifier can be eliminated. With performing this mechanism, the grid current THD would be significantly declined. It should be mentioned that if a selective harmonic elimination is required, we would be able to use a band-pass filter in q-axis current to pass only considered harmonic for cancelling.
Additionally, Fig. 4(b) depicts the MPPT controlling system. As it can be easily seen, rectifier output voltage and current are used to extract maximum power based on equation (4) . This method never applied to interface DC-DC boost converter. Therefore there is an aspect of novelty in addition to harmonic elimination as an extra function. As a case study and validation of new strategy, a wind turbine equipped with PMSG is considered. Their characteristics are listed in Table. 1. Fig.4. a) overall control system, b) MPPT algorithm implementation.
Moreover, the interface DC-DC boost parameters are given in Table. 2. The calculation procedure of this converter is beyond this study and the interested readers are referred to [20] . Based on above mentioned objectives and the strategy depicted in Fig. 4 , the PI coefficients in all controlling parts are obtained from system modeling and required dynamic response and listed in Table. 3.
It should be mentioned that the grid line-to-line voltage and its frequency are 380V and 60 Hz respectively. For being able to inject reactive power to the grid, it can be proved that the Link-DC voltage should be fixed near 800V (1.5*380*1.41). Therefore, V i reference is constant and equal to 800V. 
IV. Simulation Results
The wind speed pattern applying to the considered system is depicted in Fig. 5 . These speeds are in cutin/off limitation. For wind speed of 7, 9 and 11 m/s, the corresponding turbine powers are 5.3, 11.05 and 18.5 KW respectively. Based on equation (1), optimum CP is evaluated around 0.47. Fig. 6 demonstrates the PMSG output power versus its rotor speed. It is clear that the MPPT algorithm should perform in such way to make rotor speed be in desired value for catering maximum power harvesting. The wind turbine output powers along with PMSG output power are both shown in fig. 7(a) . The differences between these two powers are led from power loss in PMSG as well as turbine mechanical loss; Fig.  7 (b) demonstrates rotor speed tracking the optimum speed. For a quantative comparison, the expected and real power and speed values are listed in Table. 4. Fig. 8 depicts the link-DC voltage. Regarding this figure the link-DC voltage is fixed around 800V. The maximum settling time overshoot in this voltage are limited to0.55 sec and 6% respectively. Therefore dynamic of proposed system is also robustness. Fig. 9 demonstrates inverter output voltage and current. This figure is captured when the nonlinear load is not connected to the grid. Therefore current waveform is sinusoidal and low-harmonic. It is mentioned that in next part the nonlinear effects and proposed strategy would be discussed. For discussing proposed strategy merit, it is considered that a nonlinear load is connected to the grid while the wind speed is around 9 m/s and 11 KW active power is injected to the grid. Aiming to have lowharmonic grid current, nonlinear load current has been sensed and then based on this current; this new method would be applied. With using nonlinear load q-axis current and subtracting this current from reference q-axis current, this method can be performed. Fig. 10 illustrates grid current waveform when the given strategy is not applied. As it is shown current THD is 63.47%. This high THD leads to EMI problems for communication as well as reducing the capacity of power transferring. Behaviors of grid under same condition when the proposed strategy is employed are depicted in Fig. 11 . With regard to this figure, THD has been reduced to 19.19% . Accordingly, using GCWECS as a harmonic elimination added function without increasing the number of power electronic devices leads to near 42% THD reduction. 
V. Conclusion
A new grid-connected wind energy conversion system with current harmonic elimination as an extra function is presented. With employing this modified power controlling technique, the grid current harmonic reduction without employing any active power filters is achieved while a nonlinear load is connected to the grid. This is done with using q-axis current controlling by means of a voltage source inverter fired based on space vector modulation. Furthermore, a proposed MPPT algorithm based on optimum torque controlling is introduced and led to make MPPT efficiency at least around 97%. This MPPT is performed thorough an interface DC-DC boost converter. The capability of extracting maximum power, controlling power flow and current harmonic elimination as an extra function creates possibilities for many manufacturers dealing with nonlinear load to use GCWECSs as an extra electrical energy source.
